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DETAILED ACTION 

s 

Claim Objections 

Claim 33 is objected to because of the following informalities: Add a period to the end 
of claim 33. Appropriate correction is required. 

Claim Rejections - 35 USC § 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 34 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 34 recites the limitation "the second region" in line 5 on page 14. There is 
insufficient antecedent basis for this limitation in the claim. For the purposes of 
patentability, claim 34 will be treated as best interpreted by the examiner. 



Application/Control Number: 10/718,892 Page 3 

Art Unit: 2813 

Claim Rejections - 35 (JSC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -(b) the invention was patented or described in a printed 
publication in this or a foreign country or in public use or on sale in this country, more than one year prior to 
the date of application for patent in the United States. 

Claims 1-7, 9, 19, 21-24, 26-27, 32-34 36-37, 40-42, and 45-46 are rejected 
under 35 U.S.C. 102(b) as being anticipated by Aronowitz et al. (U.S. 5,296,387) 
considered with Murakushi (U.S. 5,770,512) for a showing of inherency for claims 3, 36, 
and 45. 

Regarding claim 1, Aronowitz et al. teaches a method of forming a contact to a 
source/drain contact region of a transistor device having a gate (38 in Fig. 2B) and the 
source/drain contact region (34/36 in Fig. 2B) is comprised substantially of a first 
material (silicon, 14 in Fig. 2B), the method comprising: implanting particles including 
atoms having an atomic radius larger than an atomic radius of the atoms of the first 
material into a region of the source/drain contact region (column 3, lines 42-44; Fig. 2A); 
activating the atoms of the particles implanted into the source/drain contact region 
during the anneal at 900°C (column 3, lines 46-48; column 2, lines 37-41; instant 
specification, p. 4, lines 6-9); implanting a source/drain dopant into the source/drain 
contact, wherein the implanting the source/drain dopant is performed subsequent to the 
activating the atoms (column 3, lines 60-64); forming a metal silicide over the 
source/drain contact region after the activating to form the contact (column 4, lines 52- 
68). 
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Regarding claim 2, Aronowitz et al. teaches the method of claim 1 wherein the 
activating the atoms further includes activating the atoms in order to make the atoms 
substitutional in a lattice of the source/drain region, wherein the lattice includes atoms of 
the first material (column 1 , lines 64-66). 

Regarding claim 3, Aronowitz et al. teaches the method of claim 1 wherein the 
activating the atoms increases a lattice constant of the lattice in the source/drain contact 
region (Si has lattice constant 0.543 nm, Ge has lattice constant 0.566 nm, SiGe has 
lattice constant between 0.543 and 0.566 nm, depending upon the Ge concentration, 
see U.S. 5,770,512 to Murakoshi et al.). 

Regarding claims 4-6, Aronowitz et al. teaches the method of claim 1 wherein the 
first material is silicon (14 in Fig. 2B), and wherein the atoms implanted include 
germanium atoms (column 3, lines 42-44; Fig. 2A). 

Regarding claims 7 and 9, Aronowitz et al. teaches the method of claim 1 
wherein the activating includes heating the source/drain contact region to a temperature 
of 900°C (column 2, lines 39-40). 

Regarding claim 19, Aronowitz et al. teaches the method of claim 1 wherein the 
gate is over a semiconductor substrate, the source/drain contact region is in the 
semiconductor substrate, and the source/drain contact region is disposed laterally from 
the gate (Fig. 2B). 

Regarding claims 21-24, Aronowitz et al. teaches the method of claim 19 wherein 
the implanting the particles further includes implanting with an energy of 40 keV and a 
dose of 2E16 atoms per centimeter squared (column 2, lines 35-36). 
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Regarding claim 26, Aronowitz et al. teaches the method of claim 1, wherein: the 
transistor has a second source/drain contact; the implanting of the particles further 
includes implanting the particles into the second source/drain contact region; the 
activating of the atoms further includes activating the atoms of the particles implanted 
into the second source/drain contact region; and the implanting of the source/drain 
dopant further includes implanting the source/drain dopant into the second source/drain 
contact region; further comprising forming a second metal silicide over the second 
region to form a second contact (Fig. 2A-2B; column 4, lines 63-67). 

Regarding claim 27, Aronowitz et al. teaches the method of claim 1 wherein the 
source/drain dopant includes boron (column 3, lines 60-64). 

Regarding claims 32 and 33, Aronowitz et al. teaches the method of claim 1, 
wherein the particles including atoms comprises only germanium (column 2, lines 35- 
36). 

Regarding claim 34, Aronowitz et al. teaches a method of forming a 
semiconductor device, the method comprising: implanting particles into a region of a 
substrate, the substrate containing atoms of a first material (silicon, 14 in Fig. 2B), the 
particles including atoms having an atomic radius larger than an atomic radius of the 
atoms of the first material (column 3, lines 42-44; Fig. 2A); activating the atoms 
implanted into the region of the substrate with a non-diffusion activation process 
(oxidation anneal is performed for as short a time as possible to prevent germanium 
diffusion, see column 2, lines 52-55); and forming a metal silicide over the region after 
activating (column 4, lines 52-68). 
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Regarding claims 36 and 37, Aronowitz et al. teaches a method of forming a 
semiconductor device, the method comprising: forming a gate over a semiconductor 
substrate, the substrate having a lattice having a lattice constant (gate 38 and silicon 
substrate 14 in Fig. 2B); increasing the lattice constant of the lattice in a region of the 
substrate after forming the gate; implanting a source/drain dopant into the substrate for 
forming at least a portion of a source/drain region in the substrate, wherein the 
implanting the source/drain dopant is performed subsequent to the increasing the lattice 
constant; (column 3, lines 41-64; column 2, lines 64-66); forming a metal silicide over 
the portion of the region (column 4, lines 52-68). 

Regarding claim 40, Aronowitz et al. teaches the method of claim 36 wherein the 
metal silicide is formed over the source/drain region (column 4, lines 52-68). 

Regarding claim 41, Aronowitz et al. teaches the method of claim 36 wherein the 
gate is a gate of a transistor, wherein the metal silicide is a source/drain metal silicide of 
the transistor (column 2, lines 27-31, column 3, lines 30-34; Figs. 1-2). 

Regarding claim 42, Aronowitz et al. teaches the method of claim 36, wherein the 
source/drain dopant includes boron (column 3, lines 60-64). 

Regarding claim 45, Aronowitz et al. teaches in a transistor device structure 
having a gate stack (38 and oxide in Fig. 2B) and source/drain contact regions 
comprised primarily of a first material (silicon, 14 in Fig. 2B), wherein the source/drain 
contact regions have a lattice constant, a method of forming a contact, comprising: 
implanting particles including atoms having an atomic radius larger than an atomic 
radius of the first material into source/drain contact regions (column 1, lines 64-66; 
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column 3, lines 42-44; Fig. 2A); activating the atoms of the particles implanted into the 
source/drain contact regions to increase the lattice constant of the source/drain contact 
regions (column 3, lines 46-48); forming a metal silicide over the source/drain contact 
regions after the activating of the atoms (column 4, lines 52-68). 

Regarding claim 46, Aronowitz et al. teaches the method of claim 45, further 
comprising doping the source/drain contact regions with p-type material after activating 
the atoms and prior to forming the metal silicide (boron, column 3, lines 60-64). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and the prior 
art are such that the subject matter as a whole would have been obvious at the time the invention was made to 
a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

Claims 8, 14, and 25 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Aronowitz et al. (U.S. 5,296,387) in view of Erokhin et al. (U.S. 2003/0087504). 

Regarding claims 8, 14, and 25, Aronowitz et al. teaches the method of claims 1 
and 19, but does not teach that the activating includes heating the source/drain contact 
region to a temperature greater than 1000 °C — as further limited by claim 8 — or 
implanting the particles is performed at a temperature between 25 and 600 °C — as 
further limited by claims 14 and 25. 
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Erokhin et al. teaches a method of implanting germanium into silicon at a 
temperature between 25 and 600 °C (paragraphs 0011-0012) and subsequently 
annealing at a temperature greater than 1000 °C (paragraph 0048). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to combine the teachings of Aronowitz et al. and Erokhin et al. by 
forming contact to a source/drain region of a transistor using the method of claim 1, as 
taught by Aronowitz et al., by implanting germanium at a temperature between 25 and 
600 °C and annealing the germanium implant at a temperature of 1100°C, as taught by 
Erokhin et al., since it has been held that where the general conditions of a claim are 
disclosed in the prior art, discovering the optimum or workable ranges involves only 
routine skill in the art (In re Allen 105 USPQ 233 (CCPA 1955)). 

Claims 10-11 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Aronowitz et al. (U.S. 5,296,387) in view of Downey (U.S. 2002/0187614). 

Regarding claims 10-11, Aronowitz et al. teaches the method of claim 1 , but does 
not teach the activating further includes rapid thermal annealing or laser annealing of 
the source/drain contact regions. 

Downey teaches a method of implanting silicon with germanium and activating 
the germanium by rapid thermal annealing and laser annealing (paragraph 0032). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to combine the teachings of Aronowitz et al. and Downey by 
forming a contact to a source/drain contact region of a transistor device using the 
method of claim 1, as taught by Aronowitz et al., by activating the germanium implant by 
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rapid thermal annealing or laser annealing, as taught by Downey. The motivation for 
doing so at the time of the invention would have been to cause chemical bonding 
between the substrate and the implanted material, as taught by Downey (paragraph 
0031). 

Claim 35 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Aronowitz et al. (U.S. 5,296,387) in view of Gibbons (U.S. 4,243,433). 

Aronowitz et al. teaches the method of claim 34, but does not teach that the non 
diffusion activation process includes one of arc lamp rapid thermal annealing of the 
region and laser annealing of the region. 

Gibbons teaches a method of activating an ion implantation non-diffusively using 
laser annealing (column 4, lines 4-25). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a semiconductor device according to the method of claim 
34, as taught by Aronowitz et al., wherein the non diffusion activation process includes 
laser annealing of the region, as taught by Gibbons. The motivation for doing so at the 
time of the invention would have been to avoid lateral spread of the dopants and 
thereby reduce device size, as expressly taught by Gibbons (column 1, lines 13-19). 

Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Aronowitz et al. (U.S. 5,296,387) in view of Imai (U.S. 5,506,427). 

Aronowitz et al. teaches the method of claim 1, but does not teach that the 
activating further includes arc lamp thermal annealing of the source/drain contact 
region. 
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Imai teaches a method of annealing SiGe by arc lamp annealing (column 6, lines 

7-10). 

Therefore, at the time of the invention, it would have been obvious to a person of 
ordinary skill in the art to combine the teachings of Aronowitz et al. and Imai by forming 
a contact to a source/drain contact region of a transistor device using the method of 
claim" 1, as taught by Aronowitz et al., by activating the germanium implant by laser arc 
annealing, as taught by Imai. The motivation for doing so at the time of the invention 
would have been to avoid degrading transistor characteristics, as expressly taught by 
Imai (column 5, line 66 - column 6, line 2). 

Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Aronowitz et al. (U.S. 5,296,387) in view of Murakoshi et al. (U.S. 5,770,512). 

Aronowitz et al. teaches the method of claim 1, but does not teach that the 
activating includes gas convection annealing of the source/drain contact region. 

Murakoshi et al. teaches a method of activating germanium ion-implanted into 
silicon by convectively heating it in a nitrogen gas atmosphere at 550°C for an hour to 
recrystallize the silicon wafer following ion implantation (column 14, lines 44-52). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a contact to a source/drain contact region according to 
the method of claim 1 as taught by Aronowitz et al., and use gas convection annealing 
to activate the germanium implantation, as taught by Murakoshi et al. The motivation for 
doing so at the time of the invention would have been to recrystallize the silicon wafer 
following ion implantation, as noted above and taught by Murakoshi et al. 
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Claims 15-16, 38-39, 44, and 47 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Aronowitz et al. (U.S. 5,296,387) in view of Kluth et-al. (U.S. 
6,486,062). 

Regarding claims 15-16 and 38-39, Aronowitz et al. teaches the method of 
claims 1 and 36, but does not teach that the metal silicide is characterized as nickel 
siticide or cobalt silicide. 

Kluth et al. teaches a method of forming source/drain contacts including forming 
a metal silicide wherein the metal silicide is characterized as nickel silicide (column 4, 
lines 36-38) or cobalt silicide (column 1, lines 56-60). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form contact to a source/drain region of a transistor device 
using the methods of claims 1 and 36, as taught by Aronowitz et al., by forming a metal 
silicide characterized by nickel silicide or cobalt silicide, as taught by Kluth et al. The 
motivation for doing so at the time of the invention would have been to produce a 
silicide with low linewidth dependence of sheet resistance (favors cobalt; column 1 , line 
61 - column 2, line 4) or to produce a silicide that forms a first low-resistivity phase at 
relatively low temperatures (favors nickel; column 2, lines 15-20) . 

Regarding claim 44, Aronowitz et al. teaches a method of forming a 
semiconductor device, the method comprising: forming a gate over a silicon 
semiconductor structure (38 in Fig. 2B); implanting particles including germanium into a 
region of the substrate after forming the gate (Fig. 2A); activating the germanium 
implanted into the region (column 3, lines 44-48); implanting a source/drain dopant into 



Application/Control Number: 10/718,892 Page 12 

Art Unit: 2813 

the substrate for forming at least a portion of a source/drain region in the substrate, 
wherein the implanting the source/drain dopant is performed subsequent to the 
activating the germanium (column 3, lines 60-64); forming a metal silicide over the 
region after the activating (column 4, lines 52-68). Aronowitz et al. does not teach that 
the metal silicide is a nickel silicide. 

Kluth et al. teaches a method of forming source/drain contacts including forming 
a metal silicide wherein the metal silicide is characterized as nickel silicide (column 4, 
lines 36-38). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a semiconductor device according to the method taught 
by Aronowitz et al. and forming a nickel silicide, as taught by Kluth et al. The motivation 
for doing so at the time of the invention would have been to produce a silicide that forms 
a first low-resistivity phase at relatively low temperatures (column 2, lines 15-20) . 

Regarding claim 47, Aronowitz et al. teaches the method of claim 46, wherein the 
first material comprises silicon and the atoms comprise germanium, but does not teach 
that the metal silicide comprises nickel silicide. 

Kluth et al. teaches a method of forming source/drain contacts including forming 
a metal silicide wherein the metal silicide is characterized as nickel silicide (column 4, 
lines 36-38). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a semiconductor device according to the method taught 
by Aronowitz et al., wherein the first material comprises silicon and the atoms comprise 
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germanium, also taught by Aronowitz et al., and forming a nickel silicide, as taught by 
Kluth et al. The motivation for doing so at the time of the invention would have been to 
produce a silicide that forms a first low-resistivity phase at relatively low temperatures 
(column 2, lines 15-20) . 

Claims 17-18, 20, 28-31, and 43 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Aronowitz et al. (U.S. 5,296,387) in view of Chakravarthi et al. (U.S. 
6,797,593). 

Regarding claims 17 and 18, Aronowitz et al. teaches the method of claim 1, but 
does not teach forming a sidewall spacer adjacent to a sidewall of the gate, wherein the 
implanting the particles is performed prior to the forming the sidewall spacer and 
wherein the forming the sidewall spacer is performed prior to the implanting the 
source/drain dopant. 

Chakravarthi et al. teaches a method for forming a MOSFET drain extension 
activation, including forming a sidewall spacer adjacent to the sidewall of the gate and 
implanting arsenic into drain extension regions, wherein the implanting the arsenic (314 
in Fig. 4A) is performed prior to the forming the sidewall spacer (318 in Fig. 4A; column 
2, lines 25-38) and wherein the forming the sidewall spacer is performed prior to the 
implanting the source/drain dopant (320 in Fig. 4A). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a contact to a source/drain contact region of a transistor 
device using the method of claim 1, as taught by Aronowitz et al., and further form a 
sidewall spacer adjacent to a sidewall of the gate, wherein the implanting the particles is 
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performed prior to the forming the sidewall spacer, and wherein the forming the sidewall 
spacer is performed prior to the implanting the source/drain dopant, as taught by 
Chakravarthi et al. The motivation for doing so at the time of the invention would have 
been to use the sidewall spacers to mask the implantation of the source/drain dopant, 
as taught by Chakravarthi et al. (column 3, line 65 - column 4, line 3), after the particle 
implantation. 

Regarding claim 20, Aronowitz et al. teaches the method of claim 19 (note 35 
U.S.C. 102(b) rejection above) but does not teach implanting a second source/drain 
dopant in the semiconductor substrate after the implanting the source/drain dopant, 
wherein the second source/drain dopant is implanted deeper than the source/drain 
dopant. 

Chakravarthi et al. teaches implanting a second source/drain dopant (320 in Fig. 
4A;) in the semiconductor substrate after the implanting the source/drain dopant (drain 
extensions, 314 in Fig. 4A), wherein the second source/drain dopant is implanted 
deeper than the source/drain dopant (see Fig. 3, which shows that the extension 
implants are less deep than the subsequent source/drain dopant implants). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a contact to a source/drain contact region by using the 
methods of claims 1 and 19, as taught by Aronowitz et al., and further implant a second 
source/drain dopant in the semiconductor substrate after the implanting the source/drain 
dopant, wherein the second source/drain dopant is implanted deeper than the 
source/drain dopant, as taught by Chakravarthi et al. The motivation for doing so at the 
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time of the invention would have been to form drain extensions and thereby combat 
channel hot carrier effects, as taught by Chakravarthi et al. (column 2, line 11). 

Regarding claim 28, Aronowitz et al. teaches the method of claim 1, wherein the 
gate is over a semiconductor substrate and a channel is in the substrate under the gate, 
but does not teach forming a source/drain extension adjacent to the channel in the 
semiconductor substrate. 

Chakravarthi et al. teaches forming a source/drain extension adjacent to the 
channel in the semiconductor substrate (column 2, lines 25-26) to combat channel hot 
carrier effects (column 2, line 11). 

Therefore, at the time of the invention, it would have been obvious to form a 
contact to a drain/source contact region using the method according to claim 1 and as 
taught by Aronowitz et al., and further form a source/drain extension adjacent to the 
channel in the semiconductor substrate, as taught by Chakravarthi et al., to combat 
channel hot carrier effects, as noted above as expressly taught by Chakravarthi et al. 

Regarding claim 29, Aronowitz et al. and Chakravarthi et al. together teach the 
method of claim 28. Chakravarthi et al. further teaches that the particles include ions, 
wherein the ions include the atoms (column 1, lines 34-52). 

Regarding claim 30, Aronowitz et al. and Chakravarthi et al. together teach the 
method of claim 28. Chakravarthi et al. further teaches implanting a second 
source/drain dopant into the substrate for forming the source/drain extension (314 in 
Fig. 4A), wherein the implanting the second source/drain dopant is performed prior to 
the implanting the source/drain dopant (320 in Fig. 4A). 
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Regarding claim 31, Aronowitz et al. teaches the method of claim 1, but does not 
teach further activating the source/drain dopant. 

Chakravarthi et al. teaches activating the source/drain dopant (322 in Fig. 4A) to 
diffuse implanted dopants to a final drain extension junction depth (column 12, lines 6). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a contact to a source/drain contact region according to 
the method of claim 1, as taught by Aronowitz et al., and further activate the 
source/drain dopant, as taught by Chakravarthi et al., to cause the dopants to diffuse to 
a desired drain extension junction depth. 

Regarding claim 43, Aronowitz et al. teaches the method of claim 36, but does 
not teach that the source/drain dopant includes a source/drain extension dopant for 
forming a source/drain extension in substrate. 

Chakravarthi et al. teaches that a source/drain dopant includes a source/drain 
extension dopant for forming a source/drain extension in the substrate (column 10, lines 
28-31). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to form a semiconductor device according to claim 36 and as 
taught by Aronowitz et al., wherein the source/drain dopant includes a source/drain 
extension dopant for forming a source/drain extension in the substrate, as taught by 
Chakravarthi et al. The motivation for doing so at the time of the invention would have 
been to combat channel hot carrier effects, as noted above as expressly taught by 
Chakravarthi et al. 
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Conclusion 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Heather A. Doty, whose telephone number is 571-272- 
8429. The examiner can normally be reached on M-F, 8:3,0 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead, Jr., can be reached at 571-272-1702. The fax phone 
number -for the organization where this application or proceeding is assigned is 703- 
872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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